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§4. Beam Transport in the LHD YAG Thomson 
Scattering 
Yamada, I., Narihara, K., Minami, T., 
Hayashi, H., and Yamauchi, K. 
The LHD Y AG Thomson Scattering (TS) [1] will 
be completed in September, 1998. In the LHD Y AG-
TS, the laser transport system is one of the most 
important design subjects. The transport length is 
about 50 m, which is five times longer as compared 
with that for the CHS Y AG-TS. In addition, the 
transport passage is more complicated. They cause 
several problems which did not appear in the CHS 
YAG-TS. 
In order to obtain high beam pointing stability, 
we are developing a fast, accurate beam steering 
system based on ultra-precision piezzo actuators and 
fast feed back control circuits. In addition, we 
reexamine the qualities of optical components to 
improve the fundamental properties of the transport 
system. Firstly, we improved the Y AG lasers by 
replacing several components equipped with higher-
quality ones, and optimized for distant transport. Next, 
we selected carefully ten steering mirrors to be inserted 
on the beam passage. By the improvements above, 
more than 90 % of the beam energy can be transmitted 
50 m ahead, keeping satisfactory beam quality. It is 
noted that the transmitted energy and beam pattern 
could not be measured before the improvements 
because the beam quality was too wrong. 
Furthermore, we have designed a pair of beam 
expander and contractor. Accuracy of beam alignment 
is influenced by various factors such as beam pointing 
stability in Y AG lasers and control capability of 
steering mirrors. In general, larger beams are more 
stable relatively against such effects. Therefore, a 
beam expander is inserted in just front of the laser 
exit port to make laser beams fat. The expanded beam 
is contracted to the original size before entering the 
LHD window. This reduces the difficulties in distant 
beam transport. However, degradation of the beam 
. quality is also induced simultaneously by inserting 
the expander-contractor system due to the small but 
finite aberration. We have designed and optimized 
the expander-contractor system based on ray-trace 
simulations. Figure 1 shows the beam radius between 
the Y AG laser system and LHD plasma center 
(position 1 and 11, respectively). The expander and 
contractor are located at the position 2 and 6, 
respectively. The incident laser beam with the diameter 
of 10 mm is expanded to 50 mm, transmitted about 
50 m, contracted to the original size, and finally 
focused toward the plasma center. Figure 2 shows 
the beam spot diagram at the plasma center. The beam 
is not completely focussed, especially outer region, 
but the size is satisfactory small. The aberration will 
be hidden in detected images of Thomson scattered 
photons, since the aberration of imaging optics is 
much larger than it. 
We believe that the beam expander-contractor 
system works well for accurate and high-quality beam 
transport. 
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Fig.l. Laser beam radius between Y AG laser and 
plasma center. 
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Fig.2. Beam spot at the LHD plasma center. 
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